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These results indicate that exogenously administered prostaglandin E1 causes active vasodilatation of the pulmonary vascular bed and has no inotropic action on the cardiac muscle.
Though the effect of exogenously administered prostaglandin E (PGE) on the pulmonary circulation has been studied both in various species of animal and in healthy man (Bergstrom et al., 1959 (Bergstrom et al., , 1965 Hauge et al., 1967; Carlson et al., 1969; Hyman, 1969; Sobel and Robinson, 1969; Anderson et al., 1971; Koss et al., 1973; Kadowitz et al., 1974) , the part it plays in the regulation of the pulmonary circulation in disease has not yet been analysed. It has been assumed that PGE, which is liberated and metabolised in the lungs, fulfils the role of a local mediator influencing the pulmonary circulation in hypoxaemia or in anaphylactic reactions (Bergofsky, 1974) .
The effect of exogenous PGE on the pulmonary vascular bed can be usefully studied in patients with mitral stenosis, in whom pulmonary vasoconstriction resulting from chronic hypoxaemia plays an important part in the development of pulmonary hypertension (Bergofsky, 1974) .
Subjects and methods
The effect of prostaglandin E1 (PGE1) was studied in 20 patients, 4 men and 16 women, ranging Received for publication 13 March 1978 in age from 19 to 59 years (average 36-7 years). Mitral stenosis was present in all with mitral regurgitation also in 2 patients. The diagnosis was established by clinical examination and haemodynamic study, and was confirmed at operation in all cases. Heart failure was grade 2 and was found in 4 cases, grade 3 in 11, and grade 4 in 5, according to the NYHA classification. All the patients had pulmonary arterial hypertension: the mean value of the mean pulmonary arterial pressure was 38-5 + 15-2 mmHg, and the total pulmonary resistance was 808-2 + 387 dynes s cm-5 (10.1 ± 4-8 units). The majority of patients were receiving a digitalis preparation and a thiazide diuretic, but for 2 weeks before the investigation non-steroidal anti-inflammatory drugs were not given.
A prostaglandin solution was prepared immediately before the injection by dissolving PGE1 (Upjohn Co. Ltd) in a 95 per cent ethanol solution.
The appropriate dose of this solution was then diluted in 120 ml of 0 9 per cent saline. The preparation was administered by continuous intravenous infusion, using a Unipan peristaltic pump, in doses of [0] [1] The observations were made during right and left heart catheterisation, performed under local anaesthesia after premedication with 10 mg intramuscular diazepam. The following measurements were then made simultaneously: systolic, diastolic, and mean pulmonary artery pressures, left ventricular systolic and end-diastolic pressures, left ventricular dP/dt at 50 mmHg (Mason et al., 1971) , and heart rate, before and at 5-minute intervals during PGE1 infusion. The pressure measurements were made using an EMT 35 pressure transducer, EMT 311 electromanometer amplifier, and Mingograf 81 recorder (Elema-Sch6nander), and left ventricular dP/dt with an EMT 63 differentiator. Cardiac output and pulmonary blood volume were measured initially and after 30 minutes of PGE1 infusion by isotopic radiocardiography, using 131RIHA. The pulmonary mean transit time was calculated from the radiocardiograms as the difference between mean transit time of the right heart activity curve and the time of peak activity of the left heart curve (Donato et al., 1962) .
Pulmonary blood volume was calculated by multiplying mean transit time by stroke volume index. Total pulmonary resistance was calculated by the standard formula. Cardiac output, stroke volume, and pulmonary blood volume were expressed as indices by dividing by body weight (kg).
Changes in left ventricular function were assessed from (a) the LVEDP measurements from 10 consecutive cardiac cycles 0 05 s after the Q wave or at the peak of the R wave in the electrocardiogram; (b) the stroke volume and cardiac indices; (c) LV dP/dt at 50 mmHg. In addition, the aortic systolic, diastolic, and mean pressures were measured initially and after 30 minutes infusion of PGE1. The results were analysed statistically, applying Student's t test for correlated variables.
Results
The haemodynamic changes during 30 minutes infusion of PGE1 are given in the Table. EFFECT OF PGE1 ON PULMONARY CIRCULATION During 15 minutes PGE1 infusion in a dose of 0-01 ,tg/kg per minute had no significant effect on pulmonary arterial pressure. When the dose was increased to 0-02 ,ug/kg per minute, a fall in the pulmonary arterial systolic, diastolic, and mean pressures was already observed after 5 minutes, with a further drop at 10 and 15 minutes (Fig. 1) .1o Fig. 2 The effect of PGE1 on total pulmonary resistance. PGE1 was administered intravenously in a dose of 0 01 .g/kg per minute for 15 minutes followed by a dose of 0-02 pg/kg per minute for the next 15 minutes.
EFFECT OF PGE1 ON LEFT VENTRICULAR FUNCTION
PGE1 in a dose of 0-01 ,ug/kg per minute lowered LVEDP even after 5 minutes infusion, with a further drop when the dose was increased to 0-02 ,ug/kg per minute. During 30 minutes of infusion the cardiac index rose significantly from 0-068 ± 0-017 1/mi per kg to 0 077 ± 0-022 I/min per kg, and the heart rate also rose significantly from 87 2 ± 13 beats/min to 97-2 + 17 beats/min (P < 0-05). At the same time the systolic, diastolic, and mean aortic pressures fell significantly (P < 0.01) and the total peripheral resistance fell by 25 per cent. Stroke volume index and LV dP/dt were unchanged by PGE1 infusion.
SIDE EFFECTS
All patients showed flushing of the skin of the face and trunk within about 5 minutes of starting PGE1 infusion in a dose of 0-02 ,ug/kg per minute, and 2 complained of epigastric pain and nausea. One patient developed a nodal rhythm with heart rate 40 beats/min between 15 and 20 minutes of starting PGE1 infusion and 3 others developed sinus bradycardia with premature ventricular beats. These changes regressed spontaneously within 5 to 10 minutes of stopping PGE1 administration. No patient had diarrhoea or fever.
In patients with pulmonary hypertension accompanying mitral valve disease intravenous infusions of PGE1 in doses of 0-01 to 0-02 ,ug/kg per minute caused a significant drop in pulmonary arterial pressure and total pulmonary resistance with a simultaneous increase in pulmonary blood volume. The fall in left ventricular end-diastolic pressure and rise of cardiac output in the absence of changes in stroke volume and left ventricular dP/dt does not necessarily mean that PGE1 has a positive inotropic action on cardiac muscle. The fall in end-diastolic pressure may result from the fall in peripheral vascular resistance and a resulting decrease in venous return. The increased cardiac output can be attributed to increased heart rate. The measurements of pulmonary blood volume and mean pulmonary artery pressure were made to determine the direction of the changes in the haemodynamics of the pulmonary circulation (Oakley et al., 1962) . In all those examined mean pulmonary artery pressure fell and pulmonary blood volume increased. This suggests an active dilatation of the pulmonary vascular bed during PGE1 infusion (Fig. 3) .
There have been no previous studies of the effects of PGE1 on the pulmonary circulation in Joiner et al. (1975) observed dilatation of veins and slight constriction of the arterioles in isolated human pulmonary vessels under the influence of PGE1. In experimental studies the effect of PGE1 depended on the dose, the mode of administration, and the species of animal. Active vasodilatation of the pulmonary vascular bed was found in dogs, sheep , pigs (Kadowitz et al., 1974) , and rabbits (Hauge et al., 1967) . The studies of Nakano and McCurdy (1967) Active dilatation of the pulmonary vascular bed has also been demonstrated under the influence of other substances stimulating adenyl cyclase, for example isoprenaline (Schreiner et al., 1968) . The introduction of synthetic PGE1 derivatives exhibiting a stronger biological action than PGE1 itself, but without any harmful effects, may find an application in the lowering of pulmonary pressure in patients in whom pulmonary vasoconstriction is an important factor in their pulmonary hypertension.
